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Abstract 
In order to model the global solar radiation based on meteorological parameters for the Bejaia site, we established a database of 
more than 100000 points obtained by recording every eight minutes of illumination and meteorological parameters (sunshine 
hours, ambient temperature, air pressure, relative humidity and rainfall). The daily averages were used to test models with 2, 3, 4 
and 5 parameters and the relationship with the coefficient of the highest correlation was chosen. Two thirds were used to 
establish the model and one third for validation. We compared its performance with four models in the literature (Angstrom-
Prescott, Bahel, Newland and Abdalla) by calculating the various usual errors (MBE, MPE and RMSE). 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
Key words: Global solar radiation; Meteorological parameters; Model equations; Correlation; Bejaia. 
 
 
 
 
 
 
 
 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD) 
 K. Ouali and R. Alkama /  Energy Procedia  50 ( 2014 )  670 – 676 671
1. Introduction 
A reasonably accurate knowledge of the availability of the solar resource at any place is required by solar 
engineers, architects, agriculturists and hydrologists in many applications of solar energy. The most important 
parameter which is often needed is the long-term average daily global irradiation. However, the measurements of 
this parameter can only be determined in a few places. For places where no measured values are available, a 
common practice has been set to assess this parameter using appropriate correlations which are empirically 
established by using measured data at some selected places. These correlations estimate the values of global 
radiation H from more readily available meteorological, climatological and geographical parameters. Global 
radiation may be estimated from climatic variables such as sunshine duration (Angstrom [1], 1924), air temperature 
range (Hargreaves et al. [2], 1985; Bristow and Campbell [3], 1984). Maghrabi model [4] which involves five 
parameters, including water vapor perceptible calculated from the dew. Models taking into account weather factors 
have been proposed by Bahel [5] and Abdalla [6]. 
2. Used Data 
In the present work, an Oregon Scientific Meteorological station was used for the meteorological parameters 
(ambient temperature, air pressure, relative humidity and rainfall) and global solar radiation data of the 
corresponding periods were recorded by Data logger TARCOM. The data recording interval was 8 minutes during a 
period of four years (2010 to 2013). After deletion of the night data, more than 100000 data samples are useful.  
Sunshine hours, is the time during which the solar radiation is greater than 120 W/m². To calculate it, we add 8 
minutes every time the solar radiation is greater than 120 W/m² while supposing that it keeps this value during all 
the interval of 8 minutes. We divided this database into two intervals: The first interval contains the daily values of 
the months February, March, May, June, August, September, November and December. This interval is used to 
develop some models. The second interval contains the daily values of the months of January, April, July and 
October, in order to value the performances of the models gotten. The daily extraterrestrial radiation on a horizontal 
surface was calculated according to the following equation [7]: 
ܪ଴ =  ܫ௖௦(1 + 0.0333 ܿ݋ݏ(
360݊
365 )) (ܿ݋ݏ ߮ ܿ݋ݏ ߜ ݏ݅݊߱௦ +
ߨ߱௦
180 ݏ݅݊ ߮ ݏ݅݊ ߜ)                                                          (1) 
Where: 
Ics:  Solar constant (=1373 W/m²), 
ĳ Latitude of the site (36.817*pi/180 rad), 
į  Solar declination (radȦs:  Sunrise hour angle, 
n:  The number of the day of year starting from the ¿rst of January. 
 
Solar declination and sunrise hour angle can be computed by Eqs. (2)– (3), respectively [8]: 
ߜ = 23.45 ݏ݅݊ ቆ360(284 + ݊)365 ቇ                                                                                                                                        (2) 
௦߱ = ܿ݋ݏିଵ(െݐܽ݊߮ݐܽ݊ߜ)                                                                                                                                                  (3) 
3. Estimation Methods 
The objective of this work was to develop some statistical relationships to estimate the global solar radiation H 
by applying multiple linear regressions to various parameters, such as S/S0, T, P, RH and W. For this aim, the data 
described in the previous section were used. Where: 
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S: day length (h), S0: maximum possible sunshine duration (h), H: global radiation (MJ/m²/day), H0: the 
extraterrestrial radiation (MJ/m²/day), T: ambient temperature (°C), P: air pressure (hPa), RH: relative humidity (%), 
W: rainfall (mm). 
In linear regression, starting with one parameter, the equations took the form: 
ݕ = ܽ + ܾݔ                                                                                                                                                                             (4) 
As the numbers of parameter has increased, the correlation becomes a multiple linear regression taking the 
following form: 
ݕ = ܽ + ܾݔଵ + ܿݔଶ + ݀ݔଷ + ݁ݔସ + ݂ݔହ                                                                                                                          (5) 
Where a, b, c, ..., f are regression coefficients and x is the correlated parameter. 
The calculated values were compared to the measured values in each regression relation through 
correlation coefficients R. [9] 
ܴ = σ (ܪ௜,௠ െ ܪ௠)(ܪ௜,௖ െ ܪ௖)
ே
௜ୀଵ
{[σ (ܪ௜,௠ െ ܪ௠)ଶ] [(ܪ௜,௖ െ ܪ௖)²]}ே௜ୀଵ
                                                                                                                     (6) 
Where: N is the number of points of measure; Hi, c  the calculated values of global solar radiation calculated on 
the day i ; Hi, m the measured values of global solar radiation on the day i. 
4. Results and Discussion 
Multiple linear regression analysis of five parameters (S/S0, T, P, RH and W) used in different combinations, 
gave 100’s of different relations to estimate global solar radiation. Those have been processed and analyzed 
using an advanced computer program to obtain the correlations and the regression coefficients a, b, c, d, e and f in 
relation (5). A least square regression analysis was used to obtain these constants. The relations having the highest 
correlation coefficients were selected. 
In the case of using one variable, the highest correlation coefficient was obtained from the equation containing 
of S/S0. 
ܪ
ܪ଴
=  8.01589. 10ିଶ + 0.7092 ܵ
ܵ଴
                                                                                                                                  ( 7) 
R= 0. 8116 
S0     can be calculated using the following equation: 
ܵ଴ =
2 × ߱௦
15                                                                                                                                                                            (8) 
For equations with two variables, the highest correlation coefficient was obtained when the equation used 
contained of S/S0, RH. 
ܪ
ܪ଴
=   0.558 + 0.5417 ܵ
ܵ଴
െ 6.546. 10ିଷܴܪ                                                                                                                (9)  
R= 0. 8589 
In the case of three variables, the highest correlation coefficient was obtained from the equation containing of 
S/S0, RH and T. 
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ܪ
ܪ଴
=   0.5289 + 0.459 ܵ
ܵ଴
+ 4.073. 10ିଷܶ െ 6.481. 10ିଷ                                                                                       (10) 
R=0. 8942 
For the equations with four variables, the highest correlation coefficient was obtained using the variables S/S 0, 
RH, T and P. 
ܪ
  ܪ଴ = െ0.60835 + 0.44315
ܵ
ܵ଴
+ 4.081591. 10ିଷ ܶ െ 6.56658. 10ିଷ ܴܪ + 1.1461. 10(ିଷ)ܲ                   (11) 
R= 0. 9042 
To estimate the global solar irradiation in Bejaia, we further constructed the equation containing five variables 
(S/S0, T, RH, P, W), and we found that the correlation coefficient is the biggest (R= 0. 9644). 
ܪ
ܪ଴
= െ0.6234146 +  0.42067718 ܵ
ܵ଴
+  3.84639. 10ିଷܶ െ 6.38017. 10ିଷ ܴܪ + 1.1367. 10(ିଷ)ܲ
െ 0.74317ܹ                                                                                                                                       (12) 
R= 0. 964 
This last model using five parameters has been kept. We are going to compare its performances against the four 
models of literature: Angstrom-Prescott, Bahel, Newland and Abdalla 
 
Angstrom–Prescott model: [10-11] 
ܪ
ܪ଴
=  ܽ + ܾ ܵ
ܵ଴
                                                                                                                                                                   (13) 
With: a = 8. 01589. 10-²; b= 0. 7092 
 
Bahel model: Bahel developed a worldwide correlation based on bright sunshine hours and global radiation data 
of 48 stations around the world, with varied meteorological conditions and a wide distribution of geographic 
locations: 
ܪ
ܪ଴
=  ܽ + ܾ ܵ
ܵ଴
+ ܿ ൬ ܵ
ܵ଴
൰
ଶ
 + ݀ ൬ ܵ
ܵ଴
൰
ଷ
                                                                                                                            (14) 
With: a = 0. 16; b = 0. 87; c = - 0.16; d = 0.34. 
 
Newland model: Newland, including a logarithmic term. 
ܪ
ܪ଴
= ܽ + ܾ ܵ
ܵ଴
+ ܿ ݈݋݃ ൬ ܵ
ܵ଴
൰                                                                                                                                              (15) 
With: a = 0. 34; b = í0.4; c = 0. 17 
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Abdalla model: Abdalla modified the Gopinathan model for Bahrain 
ܪ
ܪ଴
=   ܽ + ܾ ܵ
ܵ଴
+ ܿܶ + ܴ݀ܪ                                                                                                                                           (16) 
:LWKD E F íG íí 
To compare solar radiation estimation equations, the most widely used statistical indicators are the root mean 
square error (RMSE), Mean Percentage Error (MPE) and the mean bias error (MBE). 
Low values of RMSE and MPE are desirable. Positive MBE shows underestimation while negative MBE 
indicates overestimation. 
Root mean square error [12], mean bias errors [13] and mean percentage errors [14], respectively, are: 
ܴܯܵܧ = ඨ  σ ൫ܪ௜,௠ െ ܪ௜,௖൯
ଶே
௜ୀଵ
ܰ
                                                                                                                                     (17) 
ܯܤܧ = ቆσ ܪ௜,௠ െ ܪ௜,௖
ே
௜ୀଵ
ܰ
ቇ                                                                                                                                              (18) 
ܯܲܧ =
൤σ ൬ு೔,೘ିு೔೎
ு೔,೘
× 100൰ே௜ୀଵ ൨ 
ܰ
                                                                                                                                   (19) 
Where: N: the number of points of measure; Hi,c    : the calculated   values of global solar radiation calculated on 
the day i, Hi,m: the measured values of global solar radiation  on the day i. 
The RMSE, MPE and the MBE values of the models are given in Table 1. 
Table 1: The MBE, RMSE, MPE and R of (12) to (16). 
Models   MBE  (MJ/m²/j) RMSE(MJ/m²/j) MPE (%)  R 
Angstrom-Prescott 
Bahel 
Newland 
Abdalla 
proposed model Eq (12) 
15.6175 
-6.5103 
16.7160 
-14.399 
0.1722 
16.5420 
7.6889 
18.5387 
15.4016 
2.0317 
96.0632 
-53.2415 
88.8711 
-93.1935 
2.1198 
0.8116 
0.8556 
-0.5007 
0.8942 
0.9644 
 
The values of the coefficients of correlation increase with the number of parameters that is taken in account in the 
models, while the values of the MBE, RMSE and MPE decrease. 
The model we have developed and delivered to the equation (12) present the best results compared to other 
models in literature. 
The proposed model has a relative error in absolute value of 2.1198%, indicating a very good agreement 
between measured data and those calculated. This error is acceptable in terms of technic. 
The values of monthly mean global solar radiation estimated using equations 12-16 are compared with measured 
values in this Figure. 
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Figure 1: Comparison of measured and estimated values using (12) to (16). 
 
The models Angstrom-Prescott and Newland underestimate the global irradiation. The models Abdalla and 
Bahel overestimate the global radiation. 
But the proposed model is in very good agreement with the values actually measured. The maximum deviation 
was small (2. 1198%). 
5. Conclusion 
Multiple  linear  regression  analysis  of  five  meteorological  parameters  (sun  shine  hours,  ambient 
temperature,  air  pressure,  relative  humidity and  rainfall),  used  in  different  combinations,  gave  different 
relations to estimate global solar radiation. Relations with the highest correlation coefficients were selected.  The 
correlation and regression coefficients for each selected relation have been calculated. The values of the 
correlation coefficient vary between 0.8589% for the relations with two variables and 0.9644% for the relation with 
five variables. The model with five parameters has been kept. 
After confronting the measured values and those estimated by models in literature and our proposed model, we 
noted that this last, gives better results with highest correlation coefficients (R=0.9644). The values of mean bias 
error (MBE=0. 1722 MJ/m²/j), root mean square error (RMSE=2. 0317 MJ/m²/j) and also the mean percentage 
error (MPE =2. 1198%) are in acceptable ranges. This indicates the validity of using this model to estimate the 
global solar radiation intensity in Bejaia. 
The global solar radiation estimated by this model can be used in the design and estimation of performance of 
solar applications, which are gaining increasing attention in Bejaia. 
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